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ABSTRACT 
Twelve composite wood/particleboard box and I beams were tested under two-point 
lo;~tling. The ohservrd flexnral rigidity, EI, was found to be less than the calculated vah~es 
based on properties of the individual elements. Load hearing capacity was predicted on 
the basis of the weakest component, which in this study appcared to be the tensile strength 
of the l,articlcboarcl. Sleasured maximum loads were greater than predicted loads. The 
load-deflection curves were linear to failure, exhibiting virt~~ally no warning signals prior 
to faillme. Failnre in many instances was associated with nails used to fabricate the heams. 
Pcrforinance of the hea~ns was estinlated to be the ecluivalent of an intermediate grade 2 
x 10 with a 50% strength reduction. 
Kcyu;ords: Pintrs sf) .  (sonthcrn pine), Querct~s sp., Nyssu sp. ,  Liriodendron tulipifera, 
flexl~ral rigidity, elastic properties, composite hcanl formulas, failure surfaces, stress con- 
centrations, nails, ~nodnltls of elasticity, stress analysis. 
LIST OF SYhlBOLS 
Distance between load application 
ancl rncl of tlie hean~  
Cross-sc.ction:~l area of a beam seg- 
ment. 
IVidth of a beam segnlent 
llistnnce from the furthest point in 
a seginent to the neutral axis. 
1)istance fro111 the top of n beam seg- 
ment to the neutral axis. 
Distance from gcoinetric centroid of 
a l>c;1111 segment to the neutral axis. 
Elastic inoduhls of a beam seginent. 
Flcsural rigidity of the composite 
beam. 
Weightccl statical nlolnent above an 
arbitrary plane in the beam. 
Tensile ( or compressive), shear 
strength of a beam segment. 
hloment of inertia of a beam segment. 
Composite beam stiffness. 
Length of the composite beam. 
Xloment, vertical shear distributions. 
Total applied load. 
hIaxinitiin applied load for the beam, 
assun~ing the inaterial in a particu- 
lar heam segmcnt is the weakest 
link in ( 1) tension (or  compres- 
sion), ( 2 )  slicar. 
Statical moment of a beam segment. 
' Present address: Wcyerhaeuser Company, Ta- 
coma, \$'A 84801 
Coefficients ('section moduli') for the 
material segments relating the maxi- 
mtum applied load to the tensile ( or 
coinpressive ), shear strength. 
Coordinates for tlie con~posite bean1 
with respect to the neutral axis: x, 
length and y, depth. 
Location of the neutral axis with re- 
spcct to the bottom of the beam. 
Ilistance of geometric centroid of a 
beam segment to the hottom of the 
beam. 
Co~npositc beam deflection at mid- 
span. 
Geometric factor for beam loading ar- 
rangcments. 
Normal, shear stress acting in a hcam 
segnlent. 
Ratio of a to L. 
Subscripts 
i Beam segment. 
k Beam segment above the it" beam 
segment. 
INTRODUCTION 
The idea of manufacturing large struc- 
tural elements from small pieces of wood 
is intriguing. A tremendous volume of 
wood could be utilized that is now con- 
sidered waste. A new technology can 
be in~agined in which huge beams are 
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FIG. 1. Cross sections of two composite wood/'particlcl~oartl bca~us and a 2 X 10. 
consti.ucted on-site, incorporating com- 
patilde binding materials, and desigi~ed 
for :I specific use as dictated 1)y the 
uniqueness of the resulting structure. Yet, 
there are many obstacles to be overcome 
l>eforlil large structural beams can be made 
from particles of wood, if in fact, they can 
1)e in,,lde at all. The inherent weak planes 
of wood represent one problern and bind- 
ing svstems represent yet another, not to 
mention, of course, the economics of the 
situation. These problems notwithstanding, 
it was felt that an interesting study could 
1)e undertaken in which commercially avail- 
able particleboards could be used as shear 
wel~s of box and I beams with clear wood 
lwing, used as outer flanges taking up much 
of t h ~  tensile and conlpressive strain energy 
of the Ileain. Thus, the purpose of this 
study was to observe the performance of 
co~nlx)site wood/particleboard beams un- 
der a two-point loading arrangement and 
to compare their behavior with the ex- 
pected behavior of a solid wood structural 
compone~lt, namely, the 2 x 10. 
hfATERIALS AND METHODS 
Two types of beams, box ( B ) and I ( I ) ,  
were used in this study. Their cross sec- 
tions are shown in Fig. 1, along with the 
cross section of a 2 x 10 for comparison. 
The bearns were constructed by gluing 
strips of southern pine and particleboard to- 
gether with a room-temperature setting 
urea formaldehyde resin. Nails, 4d com- 
mon, were used primarily to hold the strips 
in place while the glue set. Nail holes were 
predrilled. 
Two types of partideboard were used in 
the con~posite beams: a three-layered or 
structured board ( S ) , Nova-ply, inanufac- 
tured by the U.S. Plywood Company, and 
a homogeneous or unstructured board ( U  ) , 
ilialiufactured by the Stuart Lumber Com- 
pany. The structured board had a nominal 
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de~~s i ty  of 40 lbs/ft" and an internal bond 
s t r~ngth  of approxiillately 100 psi. The 
faces, constituting about 20% of the board, 
were conlposed of pine flakes with a resin 
corrtent of approximately 10%. The core 
collsisted of oak and mixed hardwood spe- 
cies (yellow-poplar, gum, etc.) particles. 
Resin content of the core was 6%. The bind- 
er was urea formaldehyde resin. The un- 
stm~ctured board, known commercially as 
Stuart Board, had a nominal density of 50 
Il~s/ft:~ and a typical internal bond strength 
of 100 psi. I t  was composed of 30% oak and 
70'& pine with a resin content of 7%. Urea 
formaldehyde resin was used as a binder 
ailrl an emulsion was added for water re- 
pellency. 
Since in-plane tensile and compressive 
strength values, as well as the in-pIane elas- 
tic moduli, were not readily available for 
both types of boards, a number of tension 
and compression tests were performed to 
establish characteristic values for these 
properties. Three groups of tension speci- 
1nc)ns were used: 1) unstructured board 1 
inch thick ( U ) ,  2 )  structured board 1 inch 
thick ( S ) ,  and 3 )  structured board 0.5 inch 
thick (SA).  The samples were 18 inches 
loi~g and 1 inch wide with tapered wood 
t i l~s ,  6 inches long, glued to the faces of 
both ends of the strips. Plywood blocks, 4 
inches long, were glued to the wood tabs 
providing bearing surfaces for the special 
Slips attached to a floor model I~lstron test- 
ing machine used to apply tensile forces to 
the strips. Eloilgatioil of the strips was re- 
cc:lrded, using an extensometer (2-inch 
gauge length). The knife edges of the ex- 
teusoineter wc're held against the faces of 
the 6-inch free span of the 
specimens. 
Four groups of con~pression sainples were 
used: 1 )  structured board 1 inch thick ( S) ,  
2 ) unstructured board 1 inch thick ( U  ), 3)  
structured board 0.5 inch thick with two 
strips bonded together (SR),  and 4 )  un- 
structured board 0.5 inch thick with two 
strips bonded together (UB) .  The com- 
pression specimens were 4 inches long with 
a cross section of one scpnre inch. 
fielldillg of the composite beanls was ac- 
FIG. 2. The loading arrangement used in this 
s t ~ ~ d y .  
complished with a Tinius Olsen 150,000 lb 
seini-automatic beam tester. The loading 
arrallgement for the beams tested in this 
study, along with the appropriate shear, 
moment, and deflection diagrams, is shown 
in Fig. 2. Twelve 8-ft-long composite beams 
were loaded by means of two maple load- 
ing blocks (%inch diameter) located 3 ft 
from each end and were supported on roll- 
ers 6 inches from each end. Deflection at 
midspan was recorded using a dial mi- 
crometer throughout the test at a rate of 
deflection of 0.01 inches/minute. 
THEORY 
The expected relationship between the 
deflection at midspan, 6, and the total load, 
P, acting on the beam through two load ap- 
plication points is 
P =  k s C 11 
where the stiffness, k, of the conlposite 
beams is given by 
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with representing the effective flexural 
rigidity of the beam; L, the length, and $, a 
georr~etric factor as given in Fig. 2. This 
relationship presupposes the beam to con- 
sist of ideally elastic materials fused to- 
getht~r with perfect bonds. If the elastic 
propc,rties of the component materials are 
k11ov.11, the effective flexural rigidity call 
be calculated using tlie parallel axis 
theoi.em 
\\.here Ei, Ii, and A, are the elastic modu- 
lus, ~noment of inertia, and cross-sectional 
area For each illaterial segment in the cross 
section of the beam. Di is the distance be- 
tweet1 the centroid of each segment and 
the ~reutral axis of the overall beam. The 
location of the neutral axis with respect to 
the l:,ottoin of the beam, 7, is found by bal- 
aucil~g the forces acting within the cross 
soction of the beam and is given by 
where Yi is the distance from the centroid 
of each segment to the bottom of the beam. 
The box and I beams of Fig. 1 are sym- 
~netric with respect to shape and position 
of the co~nponent illaterials within the cross 
scction, hut if the elastic modulus in ten- 
sion differs from the elastic modulus in 
coinpression, the position of the NA will 
not c~oincide with the geometric centroid 
of the cross section. l n  this study, two of 
tlie ~naterial segment cross-sectional areas 
will rlepend on the locatio~l of the neutral 
asis; conseq~~ei~t ly,  the determination of 
involves the solution of a quadratic es- 
pression. The derivation of the equations 
used in this stucly can be found in a report 
1)y Jc~hl~so~l  et al. ( 1975). 
Normal and shear stresses within the 
beam are determined with y and m. Utiliz- 
ing the standard beam theory assumption 
that ilormal strain is proportional to bean1 
curvature and distance from the neutral 
axis, i t  can be shown that the inaximum 
normal stress, cr,, ill each inaterial segrilent 
of thc composite beam is given by 
where c, is the distance from the furthest 
point in the material segment to the neutral 
axis and M ( x )  is the moment acting at a 
distance x along the length of the beam. 
The standard technique for obtaining the 
resultant shear force acting on any plane 
parallel to the neutral surface can be used 
to obtain the shear stress, T ~ ,  in each ma- 
terial 
where 11, is the width of the material seg- 
ment, V(x)  is the vertical shear acting at 
the position x, and m1 is the weighted 
~tatical nloment above the plane of interest 
as given by 
and dl, is the distance from the neutral axis 
to the top of the material segment and y is 
the distance between the neutral plane and 
the plane of interest. 
Since each material segment in the cross 
section has its ow11 elastic modulus, the nor- 
inal stress distril)utioi~s will not be a con- 
tinuous linear function of beam depth, nor 
will the shear stress djstribution have a 
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normal 
shear 
I .  3 Stress clistril~ntions in a wood,/particle- 
1)o;lrtl co~~ l lx~s i t c  I ~ c a ~ n .  
co~~tinuous pkuabolic shape through the 
bc.ann height. Calculated stress distribu- 
tions are shown in Fig. 3 for the box and I 
beams used in this study using elastic prop- 
erties of the particleboard and wood dif- 
fering in colnpression and tension. 
The strength of each matcrial in the cross 
section of the beam is not expected to be 
the same; thus if the local stress in a certain 
segment attains an ultimate value, it will 
caosc faill~re eve11 though another portion 
of the beam might be under a larger stress. 
To predict failure of the beam, therefore, a 
maximum applied load must be calculated 
for each material segment, assuming that it 
is the weakest link in either tension (or 
compression) or shear. From the resulting 
set of maximuln applied loads calculated for 
each material segment, the nlinimum value 
will represent the load-bearing capacity of 
the composite beam and will indicate which 
material segment is the actual weakest link. 
(1) 
A maximum applied load, P ,,,,,,, i, based 
on the teilsile (or compressive) strength, 
f i ,  of the it" segment call be found by in- 
serting the inaxiinum moment acting on the 
t~eam into Eq. [5] and inverting: 
where 
2 Ell s; = - (-1 
a c ;  EL 
( 2 )  
Similarly, another lnaximuln load, P,,,,,,i, 
based on the shear strength, gi, of the ith 
segment can be found by inserting the 
maxiilium vertical shear acting on the beam 
into Eq. [6] and inverting: 
where 
- 
EI 7: = 2b; 
EQ; 
It is convenient to think of Si and Ti as 'sec- 
(i 
tion moduli.' The niii~irnurrl value of P,,,,,i 
for j = 1, 2,  and all values of i will repre- 
sent the expected load-bearing capacity of 
the con~posite beam. 
RESULTS AN11 DISCUSSION 
ParticleDoard properties 
Results of the teilsioil and compression 
tests are shown in Table 1. The compres- 
sive elastic moduli for the structured and 
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TAHLE 1 .  El(lstic uild ,str(~ngth l~~.o l~er t ies  of structured and t~i~.~tructtrred purticlcbourd testcd in tetl- 
sion und cowll~rcssion. 
S a s ~ p l g  
G r o u p  
E l a s t i c  U l t i m a t e  
M o d u l u s  S t r e s s  
- - 
X C v X C v 
( l o 6  PSI) ( i ( l o 3  P S I )  ( ) 
a 
10 s a m p l e s  i n  e a c h  g r o u p  
U: U n s t r u c t u r e d ,  1 "  t h i c k n e s s  
S :  S t r u c t u r e d ,  1 "  t h i c k n e s s  
SR: S t r u c t u r e d ,  0 . 5 "  t h i c k n e s s  
U C :  U n s t r u c t u r e d ,  1 "  t h i c k n e s s  by g l u i n g  t o g e t h e r  t w o  0 . 5 "  b o a r d s  
SB:  S t r u c t u r e d ,  1 "  t h i c k n e s s  by g l u i n g  t o g e t h e r  t w o  0 . 5 "  b o a r d s  
tm!;tructured boards are very similar, inde- 
pel~dent of whether the sarnples were cut 
from 1-inch-thick 1)oarcls or were composed 
of two 0.5-inch-thick strips glued together. 
The tc~nsile elastic modulus for both boards 
is :,een to he greater than the compressive 
elastic inodulus. The 1-ii~ch-thick struc- 
tured 1)oarcl group ( S )  has a value approxi- 
mately twice that of the other group. No 
explanation can be offered for this high 
value, except that the samples were not 
rar~dornized, because of the limited anlour~t 
of .wailable material, and perhaps a particu- 
larlv stiff board was e~lcountered. If this 
1)o.ud was stiffer, however, it did not show 
any significant strength increase as indi- 
cated by the ultimate strength values of the 
tel-~sioll specimens. The compressive 
~tr~iangths of both types of boards were 
grcsater than the tensile strengths. Also, the 
ui~structured boards were stronger in com- 
prc~ssion than the structured boards. The 
stress at the proportional limit was about 
609 of the ultimate stress for the tensile 
salnples, 50% for the rmstructured conl- 
pressive samples, and about 70% for the 
structured, coinpressive samples. More de- 
tailed information concernillg the actual 
force-deflection curves of these materials is 
found in a report by Joh~lsoil e t  al. ( 1975). 
Cornptrrison of calculatetl and obseruefl 
hehauior 
The results of calculations of and 
of the composite beains used in this study, 
;~ssaming various coml~inations of elastic 
moduli for wood and particleboard, are 
shown in Table 2. The greatest shift in the 
neutral axis ( approximately 0.6 inch) oc- 
curs when the corllpressive modulus is less 
than the tensile modulus for both woocl and 
particleboard. The difference between the 
compressive and tellsile moduli of particle- 
board shifts the neutral axis to a greater ex- 
tent than the difference between the com- 
pressive and tensile moduli of wood. 
Regardless of the neutral axis location, the 
flexural rigidity is dominated by the elastic 
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' I ' A H I . E  2. 7'!/pic(11 c o l c ~ ~ l ~ t e d  C ( I ~ I L ~ S  for the distance of the neutral axis ( N A )  from the bottom of the 
henltt (!/) ant1 the flexurcll rigitlitq (m) of woodij~urticleh~~arcl coml~osite box and I bectms. 
- - - - . - - -- -. - - -- - . -- --p 
E l a s t i c  L o c a t i o n  F l e x u r a l  
~ o d u l u s ~  o f  NAc R i  i d i t y  2  
P a r !  i c l e b o a r d  --- [ ( l o 6  p s i )  _ Y ( i n )  m ( l O g  l b - i n  ) 
w o o d U  w o o d "  
[ +  E "  I I I I I I I I I 111 
u n s t r u c t u r e d  0 . 4 5  0 . 1 9  4 . 4 2  4 . 2 3  4 . 4 5  1 7 9  1 8 3  2 0 1  
s t r  ~ c t u r e d  0 . 4 9  0 . 1 6  4 . 3 5  4 . 1 4  4 . 3 6  1 7 9  1 8 7  2 0 0  
a v e t ' a g e  0 . 3 2  0 . 3 2  4 . 7 5  4 . 5 5  4 . 7 5  1 ii 1  1 9 1  2 0 2  
.~ 
Q t :  t e n s i l e  e l a s t i c  m o d u l u s ,  E c :  c o l n p r e s s i v e  e l a s t i c  m o d u l u s  
1 :  E t  = 1 . 7 5  x l o 6  p s i  a n d  Ec = 1 . 7 5  x l o 6  p s i  
1 1 :  E t  = 2 . 0 0  x l o 6  p s i  a n d  Ec = 1 . 7 5  x l o 6  p s i  
1 1 1 :  Et  = 2 . 0 0  x  l o G  p s i  a n d  Ec = 2 . 0 0  x  l o 6  p s i  
G e o r m e t r i c  c e n t e r  o f  bean1 i s  4 . 7 5 "  f r o m  t h e  e x t r e r r ~ e  f i b e r  
1710(1uli of the wood. In each of the calcu- conlposite beam in all cases was 85% 
latil.)ns shown in Table 2, the amount of 2%. 
clear wood in the cross section was 2770, but ( j  ) 
the contribution of the wood, by virtue of A set of ultimate applied loads P,,,,,,i 
its location, to the flexural rigidity of the based on the stiffness and strength of the 
TAI~LE 3. Load-bc~tring cupacity o f  tlw uiood/particlehourcl composite beams bused on the strength of 
each component. 
Type o f  P o s i t i o n  o f  l o a d  c a l c u l a t i o n  (see F i g u r e  3 )  - 
V a r i a b l e   articleb board^ 1  2  3 4 5  6 7  
-- - - 
Il i c , t ance  fro111 NA,  (1 5.27 4.52 3.48 1 . 2 3  4.52 0 .00 3.48 
cl ( 1 n . I  
S 5.35 4.61 3.39 4 .14  4.61 0.00 3.39 
c o ~ l ~ ~ r e s s i o n ~  t e n s i o n b  shearb - 
S t t e n g t h  o f  ith IJ 7.08 3.22 1.08 12 .80  1.37 0.75 1 .37  
c o l p o n e n t  
f, o r  g i (1o3 p s i )  S 7.08 1.75 1 .10  12.80 1.37 0.75 1.37 
Li'dd b e a r i n g  c a p a c i t y ,  U - . . - 8 . 6  . - -. -- - - 
I I ~ ~ ~ { P ! , J ~ ~ , ~ } ( ~ O ~ I  b )  S - - .. 8.3 . . -. . - - - 
-~ - 
bea111s w i t h  u n s t r u c t u r e d  p a r t i c l e b o a r d ;  8 :  beall18 w i t h  s t r u c t u r e d  p a t - t i c l e b o a r d  
b-. e n s i l e ,  con ipress ive and shea r  s t r e n g t h  o f  sou the rn  p i n e  were t aken  from t h e  Wood Handbook (US FPL 1974 ) .  An 
n t e r r ~ i e d i a t e  v a l u e  o f  t h e  shear  s t r e n g t h  f o r  medium d e n s i t y  p a r t i c l e b o a r d  f r om t h e  Wood Handbook (US FPL 1974) 
!/as used f o r  i ~ a r t i c l e b o a r d .  
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I-  b e a m s  
S t  i -uc tured 
Particleboard 
I 1 1 
Deflec t ion ,  6 (in) Def I e c t i o n ,  S (in) 
Frc:. 4a. Load-tleflection curves of wood/particleboarcI I-beams tested in this study. 
wood and particleboard used in this study 
is slrown in Table 3. Flexural rigidities were 
assumed to be 188 x 1 0 V b - i n v o r  the 
beams with the unstructured particleboard 
and. 187 x 10"b-invor the structured par- 
ticl~.:board beams. The tensile, conlpressive 
and shear strength values for southern pine 
were taken from the Wood Handbook (U.S. 
FPE, 1974). A value of 750 psi was assumed 
for the shear strength across the thickness 
of the particleboard, which is an intermedi- 
ate value within the range given in the 
\Vuod Handbook (U.S. FPL 1974) for 
mec.lium density boards (200-1,800 psi). 
This value also represents a lower bound 
of c,dgewise shear strength of ten types of 
particleboard tested at  the U.S. Forest 
Products Laboratory ( McNatt 1973). From 
the:.;e calculations, it can be seen that the 
expected load-bearing capacity is slightly 
over 8,000 lb for both types of particleboard 
beams. The weakest link would be particle- 
board in tension (position 3 in Fig. 3 ) .  It 
should be noted, however, that if the shear 
strength of the particleboard is less than 500 
psi, the mode of failure would be shear 
initiated at the neutral axis (position 6 )  in 
the span between the load supports and the 
load application points. 
Force-deflection curves of the woocl/ 
particleboard composite beams tested in 
this study are shown in the four diagrams 
included in Fig. 4. Two of the twelve 
beains (31U and 3BU in Fig. 4 )  failed 
prematurely but continued to carry a 
steadily increasing force upon further load- 
ing, albeit, at reduced stiffness. The most 
striking feature about the remaining ten 
curves is their linearity almost to failure. 
This, of course, indicates that both ma- 
terials, wood and particleboard, were effi- 
ciently utilized in these types of composite 






Pa t t  ic leboard 
I 
Force,  P ( l O  l b )  
i4  
.o .5 1.0 1.5 2.0 .o .5 1.0 1.5 2.0 
Deflect ion,  (in) Deflec t  ion, 6 (in) 
FK.. 4b. 1,oad-deflection curves of six wood particleboard box beams tested in this study. 
' ~ A I ~ L E  4. Ohserved untl expected ualues o f  flemr(i1 rigidit!/ and load-bearing capac i t~  for woodlpar- 
ticlehourd composite heclms. 
BI.~III T y p e  F l e x u r a l  R l g i d i t y  L o a d  B e a r i n g  C a p a c i t y  
( l o 3  i b )  ( l o 6  1 b - 1 " ~ )  ____---____ 
O b s e r v e d  E x p e c t e d  O b s e r v e d  E x p e c t e d  
u n s t r u c t u r e d  
1  2 3 A v e .  1  2 p . i r t  i c l e b o a r d  _- . -_ __ 3  A v e .  -- -- -
I 1 2 8  1 4 2  1 4 3  1 3 8  1 0 . 4  1 1 . 9  2 . 0 ~  1 1 . 2  
B o x  1 7 6  1 7 6  1 7 2  17_4 7 9  1 2 . 7  5 . z a  10-3 
A v e r a g e :  1 5 6  1 8 8  A v e r a g e :  1 0 . 7  8 . 3  
r- t l - u c t u r e d  
 particleboard 
I 1 5 4  1 6 4  1 7 2  1 6 3  7 . 7  8 . 3  1 0 . 3  8 . 8  
Liux 1 5 5  1 5 9  1 7 3  -162 1 0 . 0  1 0 . 4  9 . 5  1 1 . 1  
A v e r a g e :  1 6 2  1 8 7  A v e r a g e :  9 . 4  8 . 6  
' l i o t  r n c l u d e d  i n  t h e  a v e r a g e  
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bea~ns; their respective stored enerb' ries were 
not dissipated to any great extent prior to 
failure. As a consequence, however, failure 
was very abrupt, occurring within a frac- 
tion of a second, in an explosive manner, 
with virtually no advance warnings. Ra- 
rnaker and Davistcr ( 1972) also observed 
sudtlen failures, with no apparent previous 
signs of distress, in three hardboard/wood 
composite I beams. Their force-deflection 
cllr\.es were also linear to failure. 
The observed values of flexural rigidity 
(EI) and load-bearing capacity are corn- 
pared with the expected values in Table 4. 
The observed EI is lower than the calcu- 
lated values for both particleboard groups, 
but the observed maxiinuin applied load is 
higlier than expected. The unstnictured 
particleboard beams were slightly stronger, 
but not q ~ ~ i t e  as stiff as the structured par- 
ticleboard beams. A southern pine 2 x 10 
(1.5," x 9.5", an older size) has a flexural 
rigitlity between 190-200 x lo6 lb-in2 and 
if al~solutely clear, it might have a load- 
11eal.ing capacity of approximately 18,000 
111s. Given a lower grade 2 x 10, one in 
which the strength redliction due to knots, 
slope-of-grain, etc. aniountcd to half the 
clear value, its load capacity ~vould be 
ecluivalent to that of the composite beams. 
Another way of comparing the 2 x 10 with 
the composite beams is to note that the 
amount of clear wood in the con~posite 
l ~ e a ~ n s  is 68% less than in the 2 x 10, but 
the Flexural rigidity is reduced by only 18%. 
The strength is reduced to 47% of that for 
a cl(,ar 2 x 10 and would be the equivalent 
of a 2 x 10 of a lower grade. 
Failure motles 
The failure patterns of the beains were 
pllotographed and are shown in Fig. 5. Al- 
though difficult to determine, failure of five 
of the six I beams appeared to initiate in 
the vicinity of the particleboard and wood 
segn~ents under tension. On the other hand, 
only one of the box beams failed in this 
manner. The flange of onc box beam de- 
laminated, two others had shear failures 
across the particleboard webs near the ends 
of the beams, and the other hox beams had 
failure initiating in the wood; one in ten- 
sion, the other in compression. All three I 
l~eams made with structured particleboard 
failed at a load point, and those fabricated 
from the unstructured boards failed within 
the inidspan. Box beams with structured 
and those with unstructured particleboard 
each had one specimen fail within the micl- 
span, one at the load point and one at the 
support. The diagonal failure surfaces were 
probably due to a shearing action once the 
failure was initiated. I t  was a1.o noted that 
the crack appeared to run through the ill- 
dividual particleboard segments as though 
they were a single material showing that the 
particleboard-to-particleboard glue bond 
created an essentially unit structure. In 
some cases. the cracks continued into the 
wood in approximately the same plane in- 
dicating that some of the composite beams 
were behaving as though they were single 
material structures. 
Many of the fractures occurred in the vi- 
cinity of nails. The role of nails as crack 
initiators is demonstrated in the sequence 
of photographs of Fig. 6. In all probability, 
fracture was initiated in the wood at the 
tip of the nail, Fig. 6a, and spread to the 
particleboard, running through both webs 
almost in the same plane, perpendicular to 
the axis of the beam. The region in the vi- 
cinity of the nail tip was explored with an 
SBM ancl the overall appearance of the 
fracture surface is shown in Fig. 6b. The 
brash texture of the southern pin? failure 
surface indicates a tensile mode of frac- 
ture. The region near the tip reveals many 
broken fibers ( Fig. 6c) .  I11 particular, the 
failure surfaces of two fibers are shown in 
Fig. 6d. Shearing of the cell walls along 
planes of weakness between the fibril wind- 
ings is probably responsible for the "tooth" 
type of appearance of the broken fibers. 
From other SER4 micrographs, it was founcl 
that the nail, transferred a significant force 
from the flange to the web as evidenced by 
the crushed wood particles in the bearing 
region of the nails. Thus, although the nails 
were used primarily to hold the flanges in - 
place to allow the glue to set during con- 
FIG 5 .  F , ~ i l ~ ~ r e  patterm exhibited b y  the wood part~cl~hoard cornposlte beams. 
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Flc.. 6. The fracture surface of a box beam composed of southern pine and a structured particle- 
1,o;trtl showing the rnicrostriicture in the vicinity of a nail. 621. The tension side of  the hcam where the 
tip of the nail nlay have initiated fracture. 611. Enlargelnellt of tlie region, fralned in 6a, in the vi- 
cinity of thc nail tip (nail reinoved). 6c. Broken fibers near the nail tip, framed in 6b. 6d. Frac- 
t111.c surface of broken fibers, framed in Bc. 
struction, they were helpful in terms of 
prevc>nting interlayer slip between the 
\i7ootl and particleboard. In many instances, 
howcsver, it was felt that they were also re- 
sponsil~le for initiating failure. 
CONCLUSIONS 
1. The particleboard/wood composite 
I~eanrs used in this study were shown to 
have roughly 80% of the stiffness and 50% 
of the strength of a perfectly clear south- 
ern pine 2 x 10 (1.5 inchcs x 9.5 inches) 
under a two-point loading arrangement, 
even though the amount of clear wood i11 
the con~posite beams represented only 30%) 
of amount of wood in the 2 x 10. The ob- 
served behavior, however, was probably the 
equivalent of a lower grade southern pine 
2, x 10. 
2. The n~atch between theoretical ex- 
pectations and experimental observations 
was close but not exact. The flexural rigid- 
ity, EI, was overestimated approximately 
10% by theory. The lower ~neasured values 
for could be due to interlayer slip be- 
t\vc,en the wood flange and particleboard 
web us discussed by Hoyle (1973) and 
(;oodm:ui ( 1969). The strength of the 
beams, or the load-bearing capacity, was 
~ u l t  lcrestiruated by theory. 
3. Failure was abrupt with little or no 
prior warning. Nails, acting as stress con- 
ce~rtrators, apparently played a role in crack 
i~~ifiation. The mode of failure was diffi- 
cult to cletermine but appeared to start in 
tlie tensile region near the wood/particle- 
1)o:lrd interface. In some cases, the failure 
surfaces indicated that the conlposite 
1,e;ums acted as though cornposed of a single 
inaterial rather t l~an  a collection of indi- 
vitlual parts. 
4. The force-deflection curves were al- 
1nc:lst linear to failurcx; therefore, very little 
stored energy was lost in the beains due to 
noi~linear stress-strain behavior. This iildi- 
cated that the in-plane shear modulrls of 
pa~.ticleboard was sufficent for use as a 
shcm web of a composite b ~ a m  verifying 
IIunt's (1975) conjecture. 
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